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MILITARY CURRICULUM MATERTALS

~ The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Qurriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquired, evaluated by project
staf’ and practitioners in the field, and prepared for
dissemination. Materials which were specific to the m.litary
were deleted, copyrighted materisls were either cmitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
wocational instruction and curriculum development.




o Military
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an activity to increase the accessibility of
military-developed curriculum materials to
vacational and technical educators.

This project, funded by the U.S. Office of
Ede:cation, includes the identification and
acquisition of curriculum materials in print
vorm from the Coast Guard, Air Force,
Armi¥, Marine Corps and Navy.

Access to military curriculum materials is

provided through 2 “Joint Memorandum of
Understanding’’ between the U.S. Office of
£ducation and the Department of Defense.

The acquired materials are rev:ewed by siaff
and subject matter spedalists, and courses
deemed applicable 1o vocaticnal and tech-

nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office uf
Education’s designated representative to
acquire the materials and conduct the project
activities. )

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A, Chase, Ph.D.
Project Director

What Materials
Are Avaiiabie?
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One hwundred twenty courses on microfiche
ithirteen in peper form) and descriotions of
each have been provided to the vocational
Curriculum Coordinatior: Centers and other
instructiona! materials agencies for dissemi-
nation.

Course materials include programmed
inscruction, curriculun: outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculiure Food Service
Aviation Health
Building & Heating & Air
Constructio:. Conditioning
Tradzs Machine Shop
Clerical Management &
Occupations Sunervisign
Communications  Meteorology &
Drafting Navigation
Electronics Photography
Engine Mechanics Public Service

The number of courses and the subject areas
represented wiil expand & additionai mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

How Can These
Matarials Be Obtained?
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The NMational Center for Research in
Vocational Education's mizsion is to increase
the ability of dive:se agencies, institutions,
and organizations to solve educational prob-
lems relating t0 individual career planning,
preparation, and progression. The National
Ceniter {ulfills its rission by:

Infarmintion and Field
Srrvices Division

The §'tice~) Center fm Nesearch
in Veostiansl Criveagtion
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¢ - Generating knowlzdge through research * 3 .

Developing educational programs and
produc:s

2

Evaluating individual progran: needs
and outcomes

Installing educational programs and
pro'iuc‘s

Operating information systems and
services °

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Mititary Curricutum Materials
WRITE OR CALL,
Program Information Office
The National Center for Research in Vocational
Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S.
{except Ohio)




OVERVIEW A
MODULE VI

PARALLEL CIRCUITS

In this module you will learn the rules that govern the characteristics
of parallel circuits; the relationshlps between voltage, current, resist-
ance, and power; and the results of common troubles in paraltlel circults.

For you to more easlly learn the above, this module has been djvlded ' ‘

into the following four lessons: ~ {//’
o .
N Lesson |. " Rules for Voitage and Current . . . . . . .
Lesson I1. Rules for Resistance and Power. . . . . . .
+ ‘ -
Lesson 111, Variational Analysis . . . . . . . "¢ .
Lesson V. Troubleshooting Paraltlel Clrcults . . . . .

-

TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I.

<
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BASIC ELECTRICITY AND ELECTRONICS
IHDIVIDUALIZED LEARNING SYSTEM

MODULE VI
LESSON |

for Voltage and Current

>

Study Boeklet




Overview

OVERV L EW
LESSON &., o

Rules for Voltage and Current

In this lesson you wlll study and learn #boyt the followina:

-how Ohm's Law is applied to
paraltlel clrcuits i

-voltage

-current
+
-practical solutions

] #

. Each of the above topics wlll be dlscussed In the order llsted. As
)you proceed through thls lesson, observe and follow directions carefully.

-
L

-

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE. . '




Study Resources

LIST OF STUDY RESOURCES
LESSON |

Rules for Voltage and Current

<

To learn the material in this lesson, You have tke option of choosing,

accord? ~ *o your experience and preferences, any or all of the following:

sTUDY BOL .T:
Lesson Narrative
Programmed Instruction
Lessoe Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-la : '"Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Personnel.
Washlngton, D.C.: U.S. Goverament Printing Office, 1965.

AUDIO/VISUAL:
Sound/Slide Presentation ''Measurement of ! & E In a Paratlel Circuit"

-
YOU MAY.NOW STUDY ANY O ALL OF THE RESOURCES LiSTEO ABOVE. YOU MAY
TAKE THE.PROGRESS CHECK AT ANY TIME.

-

/




Narrative 5ix-1

NARRATIVE
ciﬁ LESSON f

Rules for Voltage and Current

A Look At Parallel Circuits

!

In the previous module you learned about Ohm's Law relationships

and how thev apply to serles circuits. You learned certaln rules
about voltage, current, resistance, and power that are true for ser-
fes circuits. It is now time to see how Ohm's Law 1s applied to
parallel circuits,

Recall that a parallel circuit 1s one which has morz than one path

for current to follow, although 1t has only one common source. .

Observing the schematlic shown for a parallel circult, you see one
common source and three paths

) . ' ¥ X ° for current flow. Each path or
) ) DSy IRy Ry branch supplies 3 load. Clreuit
C@ ; configurations such’as his are
| h..! 2 4 I3 4 commonly used to wire homes and
- buiidings.
. Suppose that the parallel circult iltustrated above represenfs the’

wiring in your kitchen. Thep DS] might be the overhead light, R2
micht be the toaster, and R3 the he refrigerator. All three loads are
fed by the same network of wires, from a COMMONn Source.

Another wiring example you are probably familiar with is that of
strings of Christmas tree lights. These strings may be wired either

in series or in parallel as shown:

P

@ @ @ @ I In series =~ one path for current
Q

LI
[

in parallel »- many paths for
current

. You know that in the series string, if one famp burns out, it opens
the path so that no current can flow, and all of the lights go out.

- In the parallel string, this Is not so. If one bulb in the parallel
string burns out, it Joes not affect the other "lights and they con-~
tinue to glow. To see why this Is so, we have to understand the
relationships of current, voltage, and resistagce, in parallel

. circuits.

+ =

L]




Marrative SIx-1

Voltage

You recall that In serles circults the same current flows through
every component. Thls Is pot true of parallel clrcuits. In a
Parallel network, voltage Is common. That is, #£zross each branch
the voltage drop will equal the applled voltage. Because each
branch Is actually connected across the source, the same dlffer-
ence of potentlal wll) exist across each branch.

For exampla:
| [ { Ry Ry
ﬁ? I;V oV :;, v

1 “

The applled.voltage Is 10v; E,, Is 10v; E,, Is 10v; E,. Is 10v;
therefore, the voltage drop ag}oss R4 wll$2also be 105 We can put
this In a mathematical expression which reads:

Ear = Era = Er3 7 Epy " B,

The rule for voltage In serles clrcults {Kirchhoff's Voltage Law) is:
"The sum of the voltage drops equals the applled voltage." In serles
circulis volrage Is additive.

In paralle! clrcults, voltage Is not additive. You do npot add
branch voltages In parallel clrcults to solve for E Applied volt-
age Is the same as each branch voltage drop.

“In this clrcult, what §s the value of: EWI?

] A
- %"1 Ry 3Ry 5“37——

a?

1
L

Because the voltage Is common across the elements of a parallel
clrcelt, the voltage drops are all equal to each other, and the ap-
plled voltage Is equal to any one of the Indlvidual voltage drops.

ez __  In_the- circalt above, ERz Is §0v; therefore, ERI’ ER3’ and Ea are
also 60v. ‘
Current

In a serles clrcult, the same current flows through every. componpent.
‘n a parallel clrcult, the current In each branch Is determlned by

- the amount of resistance In the branch and the appiled voltage.

L IOnT —-ﬁ AJ%




Narrative Six~1

In the clrcult 11lustrated at the bottom of the previous page,

with voltage S0v, total current Is 10 amps as It leaves the source

and arrives at Junction A. Because each of the two branches has the

same resistance, the 10 amps divides and 5 amps flows through the Rl

branch, and S amps flows through the R2 branch. At Junction B, the

5 amps from branch 2 joins the 5 amps_?}om branch 1 to add up to a

total current of 10 amps returning to the source. '

The following two rules apply to cuirent in parallel clrcuits:

)
1. Each branch current 1s determined by the reslstance of the branch. gﬁ
2. Total current is equal to the sum of the branch currents.
Since electrons are neither c’cated nor destroved as the current )
divides, the sum of the currents flowing in the branches must be
exactly equal to the total current flowing to and from the source.
Solving for Branch Current )
Ohm's Law is as true for prrallel clircuits as it is fog series cir-
cuits. Therefore, by using the Obm's Law formula | = =, you can
determine the amount of current through a branch of a parallel network.
By Ohm's taw, determine the amcunt
of current through Rl and R2.
100 200 Ia) &
T 'R2 -
‘Because voltage Is common, If E_ is 50v, you know E_, wil) be 50v and
ER2 will be 50v. Applying otm'2 Law to find i_throﬁﬁh El_(or 'RI)’
a1 = Ri
I == -S—Q-\!- -
Rl 10D
IRI = Ga .
To find IRZ:
f = 50v
R2 200
iRZ = 2.Ga
B L




Narrative

solving for Total Current

To find total | In a parallel circuit, we add the branch currents.

Therefore, we can add |,, and | tn find total current in the clr-
R2

cuit we have been solving.

!T = lRI + IRz e IRn (any number)

IT = 05 + 2,523
IT = 7.5a

The rule for parallel circults that states the sum of the branch cur-
rents equals the total current is an application of what Is refer-
red to as Kirchhoff's Current Law; it Is act’ i1ly a sta‘ement of

the law of conservation of matter, since at uranch points, electrons
are neither created nor destroyed.

Now solve this circuit.

|
& Ri
I lea

'R3
I

T

" €irst you knew that voltage across each branch is equal to E
the applied voltage of 25v. By using Ohm's Law formula | = B
you should have determined that:

IRl = Sa
IRZ = 2.5a
lR3 = 2.§a

Then, tecause the sum of branch currents equals total current,

It = 10a.




Narrative

Practice

l. Solve for ERB _and Ea

l| Rz

_T_ A 20V

2. Solve for Iy, I,, I, and | {Note: can be used just as g,
to indicate l_tﬁrouah branch 1.] '

-+
® Ry § R3
00 0o <08

3. Solve for I2

_l_ &y ! Ry
-‘- _ 59 TT 59

r

Compare your answers with the correct answers on the next page.




Narrative

Ansviers to practice problems

I. E_, = 20v

R3
E = 20v

a
Voitage is common. The voltage drop across each branch is equal
to the applied voltage.

= 3

1, = fa
13 = 23
IT = [la

Since you know the values of € and R, you can appiy Chm's Law to
find branch currents. The sum of the branch currents, then, equals
the total current.

2 = Ha

Since the sum of branch currents equals total current, you can sub~-
tract , from IT to sclve for lz.
1

You could also have solved for voitage across Rl (E = | x R).

Since ERI is 20v, ERZ must also be 20v. Then by Ohm's Law you find:
€

i =_a
R2 R2
| = 20v

R2 e

tpa = b amps

AT TH1S POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ARY
OF THE OTHER RESOURCES LISTED. 1IF YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |IF
NOT, STUDY ANY METHOD OF INSTRUCTION YGU WISH UNTIL YOU CAN ANSHEP
ALL THE QUESTIDNS CORRECTLY.

Y




PROGRAMMED {INSTRUCTION
LESSON |

Rules for Voitage and Current

TEST FRAMES ARE 3, 7, 10, 13, 15 AND 25, &G0 FIRST TO TEST FRAME 3 AND
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THF DIRECTONS
GIVEN AFTER THE TEST FRAME.

1.

As you recall, 2 series circuit has only one path for

current flow. Because of this, the same current flows

through ail parts of the circuit. A parallel circuit, on the
other hand, has more than cpe path or branch for current to flow
through. As a result, the current divides and a different part
of it flows in each of the branches.

a. A circuit with only ope.branch is a circuit.
b. A circuit with two or more paths is a circuit.

series; b. parallel)




Six-1

A parallel circult has more than one circult path connected to a
common voltage source. A basic-parallel circuit is represented in
the schematic below, and the two current paths are shown by lines

and arrowheads. Some electrons will take Path 1, and others wijl .
take Fath 2.

» PATH 2—’-\

$ g
- )

Use lines and arrowheads to indicate the two current paths in
this circuft:

(THES 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)




ANSWER - TEST FRAME 3

A parallel clrcuit is one which has more than one
path for current flow connected to a common source.

IF YOUR AMSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 7. OTHERWISE, GO BACK 70 FRAME | AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 3 AGAIN.

Because there is only one path for current to flow in a series
circuit, current is common. Current is not common In a parallei
circuit because there is more than one path for current to flow.
In a paraliel circuit, the applied voltage is common. Look at
the schematic below.

R3
E\ J R
0OV 600 1004

As you can see, both ends of each resistor are connected directly
to the source;, one side to the negative terminal, one to the posi-
tive terminal. This means that full source potentlal is im-
pressed across each of the available current-paths.

What value Is common In parallel connectlons?

[




Six-1i

Source voltage in a parallel circuit is applied across each of the
parallel toads. Thls can Le easily seen, for there {s almost no
resistance between the source and either of the loads; therefore,
there is almost no voltage drop between the source and each.load.

The equation

Esszl uEz=.

—
states the abwe relationship,
and indicates that voltage Is
the cons:ant value in a paral-
lel circuit.

What is the value of source voltagé in this circuit? Es -

{80v - NOTE: At times €, Ep

NOTE E,» or Ey are used ro indicate
applied voltage.)

The reslstance contained In the conductors of a circuit is so minute
that for all practical purposes, it is neglected. Therefore, we can
say that the voltage across 2ach load in a parallel circuit is always
the applied voltage.

less than
equal to
greater than

{b) equal to

Solve the circuit for quantities indicated.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)




ANSWERS - TEST FRAME 7

a. 60v

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST

. FRAME 10. OTHERWISE, GO BACK TO FRAME 4 ANO TAKE THE PROGRAMMED
SEQUENCEJBEFORE TAKING TEST FRAME 7 AGAIN.

< . "

8. By now, you should have reached the conclusion that while ,
is common in a series circuit, is commonr

in a parallel cireuit.

e mm mr Em e o e o omr M AR o Em dm g Em dm e e e

\current - voltage)

9. |If the potential across any path is known or can be computed,
source voltage [s also known because voltage is the same in each
branch of a parallel network.

What is the appl!ed voltage?

I‘ -
L2e ‘. E
- 250 3 300 G'g

!
[ 1

T T LI e

(Gov)
23
16

f
|




Plio . . Six-l

10. Solve for Ea'

r R E_ =
¥ 2
1 soke 3 %2
» = 10K
* 2ma
] .s
. (THIS 1S A TSST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT

ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)

&

17 24




" IF YOUR ANSWER MATCHES THE COPRECT ANSWER, YOU MAY GO ON TO TEST .

FRAME '13. OTHERWISE, GO BACK TO FRAME 8 AND TAKE THE PRDGRAMMED
SEQUENCE BEFORE TAKING TEST FRAM. 10 AGAIN. - ‘

’ 3

*

Each of the current paths of a paraliel clrcuit is gailed a branch.

"The current’ through each branch is independent of the current in

the other branches, and is- determined entirely by the source

voltage and the resistance in the particular branch. - -
Dhm's Law will provide the current value once the source vo]tage

and the resistance of the branch are known- (I = E/R). Remerber

that current flow depends upon the voltage appiied and the re-

sistance opposing 1t. Ir a parallel circult then, the current

in each branch depgnds on the resistance of that branch. .

.

Find 1, and [, In the below circult.

. R' '2 |Iﬂ
1 £ - LY L2=' ‘ .
. 15 . - 2R2 - .
R #)I, 100
e e e o e T e e e e e e e e - - N
A - ’ l\

(II = ?a; ‘2 = |.5%a)
i2. Branch currents are defermined by the applied voltage, which is- .

common to all branches of.the cirgult,.and the of the

branch. - P
-"""‘"-"""""‘""--"""' ‘‘‘‘‘‘ F_‘: “““““ T = =z R

. ~
{resistance!} L — 5 i




P.F. Six=l
i3. Solve for le. )
X Ry 150

Ry BRN BLK BIK GLD . .

—Jin

Ry 80

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WiTH THE CORRECT
ANSWER GIVEN AT THE TOP GF THE NEXT PAGE.)

- . 1926




Six~1
ANSWERS -~ TEST FRAME 13
8a
IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON"TO TEST ¢ . h’

FRAME 15. OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAHHEO
SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN.

-

¢ 4. Total clrecuit current (1.} Is equal to the sum of the indlvidual
branch clreuits. This 1; a statement of Klrchhoff's Current Law,
expressed mathematically as ly etc. (Since
» electrons are nefither created nor &estrgyed, as tke current dlvides,
the sum of the curfents in branches must exactly aqual the total
current.}

What Is 1.7 J- ]
€ i"l Ry

== s0v 25 qQ 2 40
g Iy =
'117';_h.§a, I, = 2a; I2 = 2.58)
15. Solve for I?{
/’ %
- B S Ra’ log =
— KV ;lllg %o Saka T
V" ' 4 -

------------------------------------

(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)




. P.1. Six-1

ANSWER - TEST FRAME 15

2a

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 25. OTHERWISE, GO BACK TO FRAME 14 ANO TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN.

7 >

16. As a review, perhaps a comparison between the two basic types of
circults would be helpful. As you are going through the probiems
that follow, note the similarities and differences between the
ti.o types of clrcuits.

The two hasic types of clrcuits are
{Either order)

W W em e oem M W M Er W mr mr W mr W s ke Er mr W B o W W e ™ O o kp om Y W o W W o

{parallel and series)

17. In a serfes clrcuit, current [ the common value while the
. divides among the various lToad devices.

{voitage]}

18. Check the resistor that will have the greatest. voltage drop.

.L __a. Rl

e Ry
- SH b. R2

------------------------------------
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19. In a parallel circuit, voltage Is the common value while
divides among the branches.

(current)

* 20, Solve for Ea. :

(30v)

21. In a series clircult, Ea = El + E. + EB’ etc. This Is a statement
of ?aw.

(Kirchhoff's Voltage)

22. Solve for iT. AR
MK
=% Ry |
]’ w0ov 75v T=
{Ima)
. 22

= e . N . ) " f
B N L4 “ . .

(b n an me e bevAES AR e ok P T Py s
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23. Solve the circuit for quantities indicated.

Six~I|

J a. I]
=60V 2200 < 0OR iaon ¢ 1y
T o

{a. 3a; b. 6a; c. 2a; d. 1la)

24. One advantage of a parallel circuit over a series circuit be-

comes readily apparent when the two are Compared.

What would happen to lights DS2 through DS5 In each clrcult,

if DS1 were to burn out (filament opens)7

A

B\DS

Co 0s3

——————————————————————————————————

(A. Alt go out; B.

DS2, D83, DS4, DSS remain fit)

25, Assume ail branch resistancas to te of equal va!ue

Sclve:

————————————————————————————————————

it 4o

(THIS §S A TEST FRAME.

2 E;()

COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

e e ey
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ANSWERS - TEST FRAME 25
Ea = 100v
R3 = 1009

IF ANY OF YOUR ANSWERS ARE INCORRECT, GO BACK TO fRAME 16 AND TAKE
THE PROGRAMMED SEQUENCE. )

) {F YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK,
OR YOU MAY STUDY ANY Of THE OTHER RESOURCES LISTEO. |F YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR-
RECTLY, GO ON TO THE NEXT LESSON. |F NOT, STUOY ANY METHOD
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSHER ALL THE QUES-

TIONS- CORRECTLY-

31
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SUMMARY
LESSON |

Rules for Voltage and Current

' You have iearned to apply several rules and faws to series clrcuits,

and now It 's time to apply similar rules and laws to parallel cir-
cults. A parallel clrcult, remember, is one which has more than one
current path from a common Source. The power outlets in your class=~
room, barracks, and home are all wired In paraliel. Here is a schematlc
dlagram for a parallel clrcult with three current paths:

® gabﬂ Rl. ‘ §l2

1- ‘\
LChristmas tree 1ights are avallable as elther serles or parallel
-.strings. 1In_the serles strlng, one open lamp will cause all the lights
to go off, but an open lamp In the paraliel string will not affect any
of the other lamps. Thls Is so because current In @ branch of a paral~
lel circuit Is Independent of the current In any other branch; voltage
Is the quantity which is common. IN the schematlc shown above, each
component or branch Is wired dlrectly to the source, so the voltage
applied to each component or branch Is the same. Mathematically, the
voltages would be written: Ea a E] -’Ez - E3 = E, etc., where E] is

the voltage applled across the flrst path for current flow (branch);
E,, the voltage across the second branch, etc. Remember that you add
vsltage,drops In @ serles circult, but all the voltages in the branches
of a parallel circult have the same value.

In contrast to current In a serles circuit, current In a paralle] clr-
cult Is not @ common quantity everywhere In the circuit. Current In
each branch depends on the resistance In that branch. This example may
help you see this polnt.

50 !.__.... !‘ l'

The 50 voits from the source Is-applled directly to Rl and to R2, thus,.
according to Ohm's Law, the current through Rl is 5 amps and current
through R2 is 2.5 amps. Slince both currents are supplied by the battery,
current flow to and from the battery is 7.5 amps, which 1s the sum of

the branch currents. Mathematlcally, the current [s: !T = 'I + Iz

+ 13, etc. You now have two rules for parallel clrcuits:

1. Voltage Is the same across all branches of a parallel circult
(Ea = E] = Ez - E3, etc.)

£

25 32 &
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Z. Total current in a parallel circuit is equal to the sum of atl
branch currents. (IT =0+ 1y + 3 etc.)

The second rul2 above is an appiication of Kirchhoff's Current Law, which
Is actually a statement of the law of conservation of matter. As an
equation, we see | = I‘ + 12 +1,+.,. ..+ 1 where !, is current in
the first branch, T is current iR the second Branch, and 1_ is the cur-
rent through the last branch of whatever number of branches there are.
Since electrons are neither created or destroyed as the current divides,
the sum of the currents flowlng in the branches must pe exactly equal’
to the total current flowing to and from the source.

As a check, solve this problem for.

. |
B » 2
—= ] R2
Iy

Answers - II = la; Iz = ha, 13 = 2a; IT = 7a

AT THIS ROINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STuOY
THE LESSON NARRATIVE OR THE PROGRAMMEO INSTRUCTION OR BOTH. IF YOU TAKE
THE PROGRESS CHECK ANO ANSWER ALL OF THE QUESTIONS CORRI‘CTLY, GO TO THE
NEXT LESSON. IF NOT, STuDY ANOTHER METHOD OF iNSTRUCTI(N UNTIL YOU CAN
ANSWER ALL THE QUESTIUNS CORRECTLY. '

.i!
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Overview

OVERVIEW
LESSON 11

Rules for Reslstance and Power

In this lesson you will study and learn about the following:

-&eterminlng branch resistance

~equivalent resistance

-effect of adding resispors

-configurations

~methods of solution for equivaient
resistance

-power

-practical appiication

Each-of the above topics will be discussed in the order listed.
As you proceed through this lesson, observe and follow directions
carefully.

BEFORE YOU START THIS LESSON, PREVIEW THE LIiST OF STUDY RESOURCES
ON THE NEXT PAGE.




Study Resources S}X'll

LIST OF STUDY RESQURCES
LESSON 11

Rules for® Resistance and Power

-

-To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or él}zof the following:

%

STUDY BOOKLET: . SN
Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL: :
NAVPERS 93400A-1a "Basic Electrlcity, Dlrect Current."

Fundamentals of Electronics. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965.

NAVPERS 93492-7 'Prep Text.' . :
Mathematics Serles, Voiume 2. Bureau of Naval Persovnnel.
Washington, D.C.: U.S. Government Printing Offlce, 1965.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVS. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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.. NARRAT 1 VE
‘ LESSON i

Rules for Reslstance and Power

Determining Branch Résistance

We have aiready discussed methods for solving for voltage and current
in parallel clrcults. Now we tdrrm our attention to reslstance.

When voltage and branch current are known, branch reslistance can
be determined by applying Ohm's Law. {Just as you did to Solve fgr
resistance In serles circults, you use the familiar formula, R = Tn)

-

X
L

‘ ' : Find the values of:
w L . 2n e
SOV —— se 3 %a :;.
L& S—
of riourse, Rln%- RZ--?-
Rl R2
= 60V ' . S0v
Rl a RZ’—Z-a-
Rl = 209 : RZ = 300
Now, usfng Ohm's Law, we can also determine the total or eoujva- N
Jent resistance of the clrcu.t. e
Ea 60v
H.r--r— R '-—g- R =129
T a )

Observe that although the parallel network had one reslstor of 20
(R1) and one of 30 2 (R2), total circult resistance is only 12 Q.

A rule to remember here is that total resistance of a parallel net-
work Is always less thar the smallest r2sistance of any branch.

Equivalent Resistance or Total Reslstance N
2
When we lump the reslstances of all branches of a parallel clrcult
Into one Imaginary resistor equal to the total reslstance of the
. clrcult, we call 1t the equivalent resistance or total resistance.

L R2 ORG _L Req srN
'L“’v ﬁ BLX = mﬁg

39 3a 3a .
;- L@ = 1@
SQUIVALENT CIRCUIT

30 37
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The totul resistance of resistors in parailel is also referred to
as EQUIVALENT RESISTANCE. in many texts the terms total resistance
(RT) and equivalent resistance (Req) are used interchangeably.

Adding_ﬁesistors

k]

. Recall that in a series circuit, whep we added a resistor, total
. resistance increased and total current decreased proportionately.
Resistances are additive in serfes circuits.
#
Discover for yourself wnat happens when you add a branch resistance
to a network. )

You will need:
multimeter set as ohmmeter.
alligator clips for multimeter leads.
two 10-ohm resistors.

Clamp alligator clips of ohmmeter to both leads of one
resistor.

Record approximate ohmmeter measurement.

Clamp the clips of ohmmeter to both leads of boih re-
ststors. (This adds a second resistor in parallel.)
Record approximate ohmmeter me2asurement.

When you add a branch resistor, what happens to totai
resistance?

LY T B WX I X
. .

Answer - When you added a resistor, the total network resistance
decreased. This is true because you added another path
for current, which increased the amount of total current
with a corresponding decrease in the amount of total
resistance,

1. € you change this series circuit: RT'wlII
from to
increase/decrease
lT will
N
.increase/decrédase
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2. 1f you change this parallel clrcult: R wiHll

. eq
from to . ’ . o
. . ~_ lIncrease/decrease
' - , }' Iy witt |
-[ 3 -|- T _ increase/decrease

Answers: . RT - increase 2. Req ~ decrease

I3 - decrease ] !T ~increase

The rule to remember here Is that adding a resistor to a paﬁallel
network decreases total resistance and provides a new path for cur-
rent, and total currenf increases. -

¥
&L

A _Word About Conflgurations

v ’ From now on some of the schematics we will work with will be unusual
conflgurations. This Is being done so You wili become familiar with

) parailel networks as ‘they might appear. You wlll seldom find paral-
lel networks that' look like neat boxes In real situations.

Solving for Equivalent Reslstance

To solve parallel. clrcults for total resistance or R__, there are
several methods we can use. The selection of the me¥fod used de-
pends on what Information about the circult 1s known.

1. [Equal Branch Method

To flnd the R, _ when'resistance Is equal In each branch of the
clrcult, divi88 the ohmic value of one of the resistors by the
number of branches.

R = R (ohmic value of one resistance)
eq n (number of branches) .
_L . R g
WV Jm Ry Ry e3 3 ‘
00 b _+.9] .
T wa : R =108
. eq
3o

. . The following analysls of the equal branch method may help
explain why the method works: .

<

12 39
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17. A very useful method of solving a paraile! network of resistors
for R is called the assumed voitage method. Y

Any value of source voltage can de assigned (if none _is given) and
individual branch currents calculated (for the assumed voltage}.

% .
Adding all the hranch currents gives T and Ohm's Law can tben

b

. —
be apptied to get Ry (RT R A %Rl*

Ry R3 Re
50 259 155 W0

T ————

Example: l

Y

Any voltage can be 3assumed, but let s use 75v since the number 75
is dlvisible by all of the resistor values.
E - r

Then, 1 =ﬁ-=g—"-n 15a

and Ry = = ¥_ % 2.60 (actually 2.460)

(= ns approximately equal to.) .
{NOTE: The only true salue in this method is the value of resistance.)

Now, use the #ssumed voltage method to solve this network for RT'

18: in-the following circult, no applied‘voltage is given and the re-
sistance values are not equat.
-é}- R . 2R R3
T 750 509 1000

One possible way oF solving this préblem is called the reciprocal
method. Thls method can be kqued with any number of branches ana

(con‘rmu‘so ON NEXT PAGE)
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any values of resistance. The formula is a variation of the
assumed voltage method-and is deriveg from a combination of
Klrchhotf's Current Law and Ohm's Law.

E. E. E -E
3 a a. a
& s - -
dividing both sides B
of tHe'equations by ] I A | .
‘ = : etc.
i} E, yleids ﬁ; RT " ®RT "Ry
dividing both stdes 1 -
Into | yields Ry = ﬁ—r

Now you can see that all you are really doing is assuming\a voitage
Of IV. *

“

To sdlve, substitute values in formula:

A

. - i
< ’ ) Req -L + .l_ -—I.-—
‘ .. - 75 50 " 100.
To comblne the fractions, find che lowest common denominator. The
most convenient .way to do this is to pick the largest -denominator
and use it as the common denominator. Then determlne how many
times each of the denomlpators will go into this pnumber andiuse
o these figures as the numerators: \\\

IR 1100
. - R =713 T2, ] T3°53° 23.3.0
700 ©.T00 © T0O TG0

L]

!nstead of dividing thé fraction 17" into | as the formula Implies,

. simply Invert the fractlon to 0’ and divide 4.3 into 100. Mathe- -
' matlcally, both procedures are tﬂe same.

[

Flad R Q
eq ——

(16.36 Q) §

-

3

\;1?"'.;,3-_-'_;.-. DT vy

TwTe

T
R

,JIIJ!;?'-,: B . - 50
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19. Usirg the reciprocal methed, solve for Req' Q

e -0 Ry SRy 2Ry
¥ 250 51503100
" ; ;.
- - —1%.84 o)
- 20. Solve for R . ) Q
i, €q -
L Ry 5 Re Ry Ry
: = 5% éson 200 100
- o oEm g B Ak E mm B ok e b ok B A o W o o o b o o R o e W m m m e \“ - - -
(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)
ERIC. - ade
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IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST .
FRAME 25. OTHERWISE, GO BACK TO FRAME 15 AND TAKE THE PROGRAMMED
» . SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN,

21, A somewhat simplified method of computing equiva[ent resistance Is
) available, but can only be used-with.two branches at a time. The
method Is called product over the sum, represented mathematically as:

- Rl ~ RZ
eq Rl + R2

This formula can be applied to a circult using the steps shown bzlow:

= doq , 60Q
. , . 30 x 60
1. subsgjtutg.Jalues In formula Req 30 + 60
. N 1800
2. Comblne terms Req T
‘3. Flnal computation Req =20 &

What Is Req. ¥

‘ —é— %y Ra
T 252 1000 i
(20 Q}
43

52
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I3
22. Recall that in a series circuit total reslstance could be deter-
mined sIimply by adding all the resistance values In the circuit.

RT = Rl + R2 + R3 .

AddIng another resistor in serles would:

a. decrease totai resistance. .
b. increase total resistance.

- eem m m m o Em m M M E e m = . A W EA G W M W W @ o gm W O m o W W o W

. (b} increase total resistance
23. Solve for R3. 2
AR
R; 2K
——~Ry Ry
=10k 9 e
L] R
- <
{& k)
3

2h. Ip parallel circuits total current is always greater than current
In any branch. Consequently, total parallel reslstance is always
smaller than any branch resistance. -

¥

-

Adding another reslstor in ﬁarallel would:

a. fincrease total resistance.
b. decrease total resistance.

{b) decrease total resistance ‘ s

ERIC - 53

-
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P.I.
25. Solve for R . fQ
eq
i KN 20K Q

Six=1I

(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT

ANSWER GIVEN AT THE TOP OF THE MEXT PAGE.)

b,
Ut

£
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ANSWERS - TEST FRAME 25

' : 12 ke
. IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
v FRAME 28, OTHERWISE, GO BACK TO FRAME 21 AND TAKE THE PROGRAMMEO
- SEQUENCE BEFORE TAKING TEST FRAME 25 AGAIN.
% 26. Power computatlons In a parallel circult are the same as those

used for series circuits. Since power dissipation in resistors
consists of a heat loss, power dissipatlons are additive re-
gardless of how the resistors are connected In the =lrcult.

Find Py. W ' .

------------------------------------

. 55
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2 g? - ‘

27. The equations P =" |"R, P = =, and P = [E apply to any reslstor or
clireult so long as the values used are correct for that reslstor
or clreult. In other words, If you are looking for the power
dissipated by a particular reslstor use only the values associated
with that reslstoy.

For example, In thls circult the amount of power disslpated by Rl
will be 10 watts whe&her you use EZ

i | - .50 Pl = E'RI’ PRﬁ = IRI RT, or PRI = AT
::) >R Ry to fInd the answer, but you wlill not
" 1 209 get the cosrect answer If you use Iy
= Q i .
“::'lgv © or l,, or even R2 in your calculatlon.
By tgg same token, total power may be -
o 59 found 1F 1_, RE and £ (any E, since all
. are the same I parallel) are used.
. Find P; and PRg In the above circult. Py L PR

- me M Mmoo M B m M B m E m = omEm om= - s e e B = = o - o o e o

(ﬁT = T5w, P, = 5w NOTE: Because there will generally be more
than one valld method of sij]ng any glven problem and you will
occasionally be using decimal numbers Instead of whole numbers,

i the answers shown here will not always correspond exactly to the
. ones you compute.)

28.‘Solve for: -I:—
d. PT. JE— EA ' u.‘ h R’ Rs
. 100V 2 400 <500 % 750
b - P - »
R1
c. PRZ'
. d L] P R3 - 1 ) ) .
(THIS 1S A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT .
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
Y
5 4 ? '
RIC 56 - .
CRIC .
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ANSWERS - TEST FRGME 28
a. 583w
b. 250w

e M A W W W o mm T W W W G el mm Em mm e TR am el W Em o Em o e e e o mm

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 32. OTHERWISE, GO BACK TO FRAME 26 AND TAKE THE PROGRAMMED

SEQUENCE BEFORE TAKING TEST FRAME 28 AGAIN.

— ettt

-

29. If twc values from the same part of the circult are known or can
be computed, all of the other values for that part can be found.
For example; If E and 1. are known, all of the total values can
be computed; if P2 Rz and Ep, are known, all values for R2 can be

found.

Solve for:

a. gy =f K 2 f sk
. 15ov 1300 1.5a 2000 50w

b + PR3 - -

c. R2. -&J'

d PRl - ’ _‘_-‘N\M-

5. 333m or .33a; b. 112.54; <. 100a; d. 150w)

5748




S e ome

Tw

P. 1. Stx-11

30. Solve for R2.

, =By 'f«m
| A)2a
T i3
i\’ e e "t :"’"
, 25 ¢)
L) I L]
, f 31. Keep in mind that if you want.to find a vaiue at one partlcular
X part of a circuit, you must know or be able to compute two other
’ ’ values at that point,
. — + -
" Soive for: Ry (Ry lia Y T
A 1:]00 dbw <. 5a :L VoW
i Ep ' = 332 3 T4
T S$00ma
) b g - .
C. .
- {a. 200v:
32. Solve for:
1:“5 1{?4
P $202 3200
- Rz.
b. PTI -

{(TH1S i A TEST FRAME . COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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rd

ANSWERS = TEST FRAME 32

a.” 10w

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 34, OTHERWISE, GO BACK TO FRAME 29-AND TAKE THE PROGRAMMED

SEQUENCE BEFORE TAKING TEST FRAME 32 AGAIN.

33. As you will recall, resistors are rated in watts as well as ohmg

The wattage rating of a-resistor refers to its heat
dissipating capability
B am o L, e dm W M wm sy S am  oam wm o M W o e M wm owm "k wm wm wmm A wm e wm owm M M
. {maximum)

y

34, Check the resistor or resistors that would overheat.

=18 Rl é 1 4
T R Ry 3
1 r 1
- — T
—.b. R2 = 108 > a0 8 3 . 40 %
4, w T .

c. - ' '

— AN -, ‘
N e \! ea el .

All resistors are =ated at 250w.

(THIS IS A TEST FRAHE. COMPARE YOUR ANSWERS WiTH THE CORRECT
ANSWERS -GIVEN AT THE TOP OF THE NEXT PAGE.)

o

I
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ANSWER - TEST FRAME 34

e W W o WA M wm M e o wm wm om A M om o om o m owm owm T o o W o o M o wm W™ om e ow

IF YOUR ANSWER IS INCORRECT, GO BACK TO FRAME 33 AND TAKE THE
PROGRAMMED SEQUENCE.

IF YOUR ANSWER 1S CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY
STUDY ANY OF THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE

QUESTIONS CORRECTLY.

60
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Rules for Resistance and Power

In the following parallel circult, the total resistance can be found by
. E -
the form of QOhm's Law R} = Tég Just as in a series circuit. When you
T

calculate the total resistance in this ctrcuit, you find that RT is only
15 ohms == less than the value of either Rl or R2.

""'"’EA ) \'. - .2
~ 60V 20 60 O

é{\ r_h 3 I ta
o/

L]

This fule holds true for any-parallel ‘clrcuit: The total resistance
of a parallel circuit is always less than the smallest resistance of

any of its branches. . 3

A .look at the above circlit will show why this Is true. If the circult
contained only Rl, the total resistance would be 20 ohms anc total cur-
rent 3 amperes. Adding R2 in parallel creates a second current path,
and total current from the gource increases. S0 as far as the sburce is
. concerned, the resistance It-$%es is reduced, or RT has become smaller.

/
The t-:al resistance of raslé&ors in parallel is aiso referred to as
EQUIVALENT RESISTANCE.. in many texts the terms total resistance and
. equivalent resistances .are used-;interchangeably.

e

So far, all the schematlic dlagréés you have seen were drawn In nice,
neat straight lines or boxes, but some of the schematics you will be
seeing from now on may be drawn In a less orderly manner and not so
easlly understood. If you find one you do not readlly understand,
redaw it so that it makes sense 20 you whlie keeplng all the‘same
connections.. A parallel clrcuit might be drawn 1lke this:

You wlll obtaln even stranger contigurations while drawing a diagram
from an actual circuit. In actual trouble-shooting technlques you
will find, by re~drawing a circult 1t will help simplify it for ease
in locating the problem.

You have seean how to solve parallel clrcuits for RT by finding total -
currert, then using Ohm's Law to find RT; row you will see some methods

61 52




Summary ) Six-ii

which are faster 0 use. For example, when all the branches of a net~
work are egual in"resistance, you can find R__ by dividing the value
of one of the resistors by the number of brandhes. )

= | ‘l‘a Ry R
oV R 2 4 108
i&ﬂ ?109 L - 00 Req == = 2.59

A parallel circult with two unequal branches may be solved by the
product over -the sum method. The equation for this method is

R Rﬁlr_".: :%’ and all you necd to do Is insert the values and compute

to get the equivalent. reslstance.

A method which you can use to soive a circuit with any number of
branches Is the reclprocal of the sum of the reciprocals method, or

~
R - I -
eq 1, 1.1 i
TRt 25 - + R ) )
Hete s an example of how to use this equation: ’
oy R = * )
RS N T
Toa © T5a T 300
= 1 ' N
- 3 2 1
M T 1)
n*lr .r/
30
- 2% 5
=, 50

This is a method which you can always depend on to glve the equivalent
resistance. Be sure to learn it.

Now' let's move on to a study of power in parallel clrcuits. This should
be an easy subject, for power In parallel circuits is found In exact-
Iy the same way as power in serieszclrcuits Power In the branches can

+ be found by either P = E} or P' = 1°R or P = E_, where the branch current,
resistance and/or voltage {s used in R
each case. (Remember, E or voltage dlfference was actually work per unit
charge;/;lnce I is charge per second, the product of € and | s work per
second,”or power.) Total power |s equal to El_; It can also be found
by adding the power dissipated in each branch fP + P, +P,+ ..
+ Rn). You my also use either toral current or total vol%age dnd equlvalent

53
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< €.2
2 T ’
reslstance In PT IT X Req or’PT R You can prove any of these by

making your own parallel clrcult and working out the values by all
these methods. All of your answers should agree.

’

S ) - h ]
AT THIS Pﬂlﬁ{, YOU MAY ‘TAKE THE LESSON PRgﬁKﬁgs CHECK, OR YOU MAY STUOY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR 88TH. IF YOU TAKE

THE PROGRESS.CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE
NEXT LESSON. 1F NOT, STUOY ANOTHER METHOO OF INSTRUCTION UNTTL YOU CAN .

ANSWER ALL THE QUESTIONS CORRECTLY.

63



o

. ) -
" b '
Nag——
L}
*
kd
" @
.
/7 ’
-~
- ’
! -
. .
1
- i
4
.
T
* Ll Ll
Ll
.
.
, -
" -
a - E .
x . . '
- r
- 1 - - - -
.
1 ‘ - - .
. P
N .
.
- L]
i . . “
L ' P -
SN 3 . . .
a - V. . . "
I e S .o N

T

E Y R O

" PAFullText Provided by ERIC




Qo

BASI1C ELECTRICITY ANO ELECTRONICS R .
INDIVIDUALIZED LEARNING SYSTEM

Y S |

‘.

E S St e S N
Xl *

R T i
- PN

Tow =

T 4 e

MOLULE S I X
LESSON 111

. : Variational Analysis

. . i Study Booklet
L]

'C o 6 56



Overview Six=111

OVERVIEW
LESSON 111

* Variational Analysis

In this lesson yoy will study and learn about the following:

-variable gquantities

-

i

-changing voltage

-~adding or removing a parallel

R ‘ _ resistor

~changing resistance In ap existing
brar<h

-

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.

66
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Study Resources ' ' Six~111
kh_\\ LIST OF STUDY RESOURCES
' LESSON 11§

Varlational Analysis

-

To learn the material in this lesson, you have the option of choosing,
acrording to your experience and preferences, any or all of the follow-
Ing: ’ :

STUDY BOOKLET: .
Lesson Narrative
- Programmed Instruction
"Lesson Syﬁmary

ENRICHMENT MATERIAL: _
NAVPERS 93400A-la 'Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, D.C.: U.S5. Government Printing Office, 1965.

%

YOU MAY NOW STUDY ANY OR ALL OF TRE RESOURCES LISTED ABOVE. "YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.

: | E%? .
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NARRATIVE
LESSON T4l

Variational Analysis

In the past two lessons, you have learned the rules that appiy to

DC parallel circults. Now we are going to look ai the Interrelation-
ships between quantitles In parallel networks to see what will happen
to everything in the clrcvii (f one quantity is changed. To

conduct _thls varlational analysls, we will use & simple table as

showns
. I In each empty box, we will Indlcate with
T an arrow whether a quantity will increase
Rt | - (#), decrease {+), or remain the same {(*}.
PT F
In
I
—Tﬁg Varigble Quantitles
" ER) : There are three quantities that we can
ERZ vary by increasing or decreasing:
Eps 1. the applled voltage
R1 )
R2 2. resistance - within an establlshed x
R3 branch of the network

‘ 3. resistance - that calls for adding or
- deleting a branch of the network

Increasina'Voltan

First, we will conduct a varlational analysls of thls circuit io
show what will happen If the applied voltage is increased from .

‘60v to 120v.

R, ®a
- 6OV 300 g 1,300
300 v
2a *+ |2 2a
59
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Narrative \ ) Six-111

e, in the top square, we indicate the

. *‘Ea variable, voitage, and that it is beling
IT increased (+).
_F_T it is immediatel |
_ y obvious that if E
T is* increased to 120v, the: ERI’ ERZa
M )
IR] and ER will increase to 120v because
{ 2 . voltagg 1s common in a paratlel cir- ,
[ Tr3 cuit. We indicate the voltage drop
‘ increase with arrows in the appropriate
R] . boxes. -
Epo | &
Era | 4 .
Rl .
R2
R3 -

What Happens to Branch Current

Now, if the applied voltage of this net-
" work 1s Increased, then by Ohm's Law we

“*Ea ‘ ‘ know that branch current will Increase in
Iy direct proportion to voltage.
. Rt ‘ !
Pr |
It [ 4| o .-
Whei'eas current through each branch was
I | & :
I i 2 amps, when’voitage was doubled, branch
| R3_| F current \as doubled.
ERi ‘-_ E 1
E i :s...B....
2. | 4 | | R1 ™ RI
{Ers | 4 ’ 120v
. Rl gy = 300 = 4 amps
R2 Therefore, we enter the appropriate
R3 arrows In the boxes to show increased

'branch-current - lRlﬁ IRZ’ and |R3‘

60
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Narrative

i

* Total Current

‘_Ea_- . .

3

> |-l |-|

Happen To Resistance

A s
.

—

++ ‘ | -] |

“Six-111

You know that if branch currents increase,
totai current also increases. The

sum of the branch currents of a parallel
network equal total current. Wwe enter

the increase arrow accordingly to show

IT has increased from 6 amps to 12 amps.
/

Since resistance is a physical factor, a
change in voltage will not affect the
value of the resistance.

Changing the. applied voltage does not change
the values of Rl, R2, or R3, and we fill
in the-appropriate arrows in the table {+).

As the values of the resistors remain the
same, the equlvalent resistance of the net-
work remains the same. In the table we
indicate that RT does not change.

70
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what Wi}] Happen to Total Power

B ‘f; When voltage is increased, total power
3 . 1 wiil Increase. This is evident when you
' T recal) the power formula, P = E x 1.
] i RT .
. PT When voltage was increased to 120 volts,
IR] .total current increased to 12 amps; there-
. Tpo fore, total power must also increase.

e
*¢*++++S+v*q

Now we have completed a variational analysis of the circuit to show
. symbollically what would happen to every quantity lf the applied voltage
were increased.

Adding a Resistor

Consider now what will happen to our circuit if we vary resistance
by adding another resistance.

If we add another resistor to this
circult, we are adding a fourth

branch -~ another path for cur-

rent flow, e — =

n go




Narratlve

CEffect on Current

Add
R4

Ir

RT

Er

IR

Lt

What Happens to Voltage

Add
R4

}

PV Vv v] (4

Six=111

When we add Rb to the circuit, we provide
another patin for current. As current

is additive in a parallel circult,

total current wlli increase,

Recall the rule that branch reslistance
determines branch current, and you can

see that adding R4 will not affect current
through the previously establlshed
branches. lRI’ IRZ’ and lR3 will remaln
the same.

The applled voltage is determined by the
source; therefore, adding R4 will not
change total voltage. Because voltage is
common, ERI’ ERZ’ and ER3 wl1l not change.

The only change in voltage will be an
additional voltage drop across R4.
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What Happens to Reslstance

e V] Tyl

What WI11 Happen to Total Power

-

Resistance in branches 1, 2, and 3 will
not changes because resistance is -d
physicai property.

By the rules for. parallel clircuits, you
know that if you add resistance to the
network, the equivalent resistance de-

- Creases., » then, will show 3 decrease
arrow beczuSe we have added a fourth
reslistor to the network.

Add

R4

IR T ha L i e

Varying Resistance In an Existing Branch

Total power Is directly proportional to
total) current. When I, Increases, P, must
also increase, so we can complete cur
second variational analysis table by show-

'{\ Ing the increase arrow for.P..
E

branch.

'

It Is conceivable that you might want to increase Or decrease the

* value of a reslstor in an established branch of a -parallel network.
In such cases, you are not adding or removing a branch In the cir-
cuit, but you are changlhg.the value of the resistance within a i

7 64
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Assume that in the following circuit you increase the ohmic valye of
Rl by replacing the 5-ohm resistor with 2 10-ohm resistor.

-

' R
YOV ! *2 .
. . $0 w00 .
-. “l
What Will Happen to Current L - ;
. . 4Rl { When vou lncrease resistance within a
- * branch, by Ohm's Law you know that
T current within the branch will decrease.
| Pr
ET C
P Cursent in Branch 2 will not change.
T ¥
IR‘ * T h bei f
I e otal current, then, eing the sum o
| R2 the branch currents, will decrease
ER'! because !P‘ decreased.
Epo
R1
R2

I IT decreases. then total power also decreases.

What Will Happen to Voltage

The applied voltage, of course, dces

i LY not changz when resistance changes.
AR Because voltage is common In parallel
RT :?::::ks, ERI and ERz wlil] not change
ET - iy b
Pr | ¥
Ini | ¥
T2 |-
i | >
R
R1
R2 |,
63
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What Will Happen to Resistance

Six-}il

I

When voltage is constant, if total
current decreases we know by Ohm's
Law that RT must have increased.

We physically increase resistance
in branch 1, but branch 2 remains
unchanged.

Practlice

¥Rps2

I

M

Esr

Py
%g§1

Epsi

Epso

Epsa

Insy

{Ins2

Ipss

Recalling the rules for parallel cir-
cuits, conduct. a variationa} analysis
of this circuit if we replace D52 with
a 150w bulb. (Recall that a 150w bulb
has less R than a 20w bulb.)

f &= b= o
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C Six-ttt

2. ‘ 2 Analyze this circuit, by completingy
'Ej@ column 1, to show what will happen If
a E. ts changed to 50v.
Iy a
R:r
Cy
1 ® son
1
R2 R2100 0
It i
: ;R] R i‘OO Q
R2 ®IOOV
ER3
Rl ()
R2 |\'f¢
R3 ¥
3. Analyze the above circuit, by completing
columpn 2, to show what will happen if
we add another 50-ohm resistor in paral-
lel to the network.
Answers:
}. ¢ RDS2
N
1oy
- ET _’
frf 4 ,
RDS} -~
RDS3 | —b
E —-’ .
Epse | —»
Fos3 | —»
o1 |~
“[los2 | #
Ins3 | —»

76
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2 and 3, Add
E,¥| R
I v |4
Re | | v
. Ey V|
P 1v |3
IR] v - :
R3 Y |-™
Rt |y [ ‘
tpo v |
R3 v >l
RL™ .|—» [ -
e |—>|—* A
R3 - |- ' -
. Opens in Main Llnes ~ Affecting The Whole Network :

An open can also occur in the conductor which leads directiy to.
or from the source. How much of the network ls affected depends

on where the open occurs. .
tn this example, current does.not have
_J__ a complete path to follow, and it will
R R stop entirely, The entire network ls
_— 1 3
knocked out, S
Sz

The open In this circuit will allow cur-
—1 R, Ry LRy =~ rent flow in branch 1. It will stop
; g current flow to both RZ and R3, thus
knocking them out of the network, Total
current will be the current through Rl.
Total current will decrease,

-+
In this schematic the bresk is in the
§n conductor on the line from the source,
— 1 R2 R but it wil! affect only current to
-+ branch 3. The Rl and R2 branches
will function normally,

77 6§
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NOW YOU MAY TAKE THE. PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE
OTHER RESOURCES LISTEO.
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PROGRAMMED INSTRUCTION
LESSON 111

Varlational Analysis

TEST FRAMES AR". 8, 12, 20, AND 25, -AS BEFORE, GO FIRST TO TEST
FRAME 8 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW
THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

1. Before going into varlatlonal analysls, you must understand the
nature of the values you are deallng with. Recall that voltage
Is a potential difference that causes current flow. Voltage is
said to be an independent variable in that 1t 1s controiled
from outsidé the circult {changing batteries, etc.).

For example, an increase in source voltage would cause an [ncrease
In circuit current, but an iIncrease in clrcult current would not
cause an increase in applied voltage.

A decrease in applied voltage would cause IT to:

a. increase.
b. decrease.
c. vremaln the sane.

(b) decrease

2. The second circult value, current, 15 known as a dependent variable
because It 1s dependent upon appiied voltage and clrcuit resistanrce.

If applied voltage were doubled and circuit resistance were halved,
Iy would;

a. remaln the same.
b. double.

c. triple.

d. guadruple,

------------------------------------

{d) quadripyle

79
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The third circult value .s resistance. As you will recall, re-
sistance is a physlical factor. This means that if resistance
is to change, something must actually be done to the resistor
or clreult {variable resistor, replacement of resistor, ete.).

2

1f elreult current doubles, resistance will:

a. lincrease.

b. decrease.
¢. remain the same.

(c) remaln the same

4. Ohm's Law states that currant s directly affected by . and
inversely by resistance. Current is the dependent varlable and is
affected by both reslstance and voltage. On the other hand, current
does not determine what applied voltage and circuit reslistance will
be. They are independent varlables.

lvoltage)
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5. Recall that In a paéallel clrcult R (RT) decreases each tlme
another current path (branch) s ad8ed.

Using arrows to show increase {t), decrease (¥}, and remain the same
{(+), Indlcate what will happento each circuit value when SW1

Is closed. - L
4
a. -
a-—-———
b. s i
_ b — ‘ —— o7
~ c. IT SWhy
- d. Ri — ¥ : e
a — = i Ry
¢. R2 , _
f. R3
9. lpp —
he Mgy
L J
(a E; -
b, RT +
c IT 4
d. RI _ -+
e R2 =
f. R3 =»
) 9 IRl —
] h le =
I 'RB-JL)

aERIC o
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6. Any varlation within an existing branch will cause a corresponding
change in Req and IT. For example, if branch ! resistance were

Increased, this woul< cause an lncrease in P‘I‘ and a decrease in

lT.

Using arrows, indicate the changes which would occur if the value

of R3 were decreased.

a. 'T . .
b. H

d. le -1

e. IRS —

£. lﬂll -

a. 'T 4

b. P‘I‘ ¥

c. IRI 7

d. IRz -

e, tRS _r

f. I -+ .
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7. A change In applled voltage will cause & direct change in al}
values of current, voltage, and power within the circuit.

Using arrows, indicate the cherges which would take place If
source voltage were doubled.

a. IT
b. R -
eq
c.. RI
d R2 —_—
- g": § R2 §"3
e, R3 "
f. la'
g. le
h. [R3
a IT +
b. R +
eq ———
c R} +
d. RZ = :
e R3 =+
f iR! +
g IR2 +
h IR3 +

74
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. Six-til
Place arrows to show increase (4}, decrease (+), or same (+) in
each box of the variational analysis table in accordance with
these questlons.

a. b. c.

Add
R4 R1

a. What will happen to the other ||
quantitles if total E is in- R2
creased to 100v? ’

b. What will happen to the other Rl
quantities if a 50-ohm re- .
sistor is added in parallel? R2

¢. ‘hat will happen to the other R3
quantities if Rl Is replaced

with a 20-ohm resistor?

————————————————————————————————————

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT ThE TOP OF THE NEXT PAGE.)

875 ;!
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ANSWERS - TEST FRAME 8

a b. c

‘ —  [aTE T
- Iy A4
E b || »

. Ry - | ¥ v
Pr K.

. Ini b1

Ipo bl

Irs bl |

R1 - ||y

R? - | |-

R3 - - |-

Er 1 -

‘2 | 4[> |»>

Ep3 A | |»

——————————————————————————————————

AF ALL YOUR ANSWERS MATCH THE CORRECT ANSWER:, YOU MAY GO ON TQ TEST
FRAMEE 12. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN.

8s ’7{;
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9. Parallel circults have one distinct advantage over serles circuits
in that an open In one branch will not affect the operation of the
other branches and a varfatlon of reslstance (within reasonable

- 1imits) will not affect the other branches.

If DS2 burns out, DS and DS3 will:

it DS, DS2 DSy
a. become dimmer.
— b. become brighter.
¢. not change.
(c} not change -

10. Check tne arrow that indicates what will happen to the ammeter
reading if Rl opens.

1

86
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- Should” an open occur within a branch of a parallel circuit, only

that branch would be affected; should the open isolate more
‘than one branch, only the branches beyond the open will be
affected. All others will function normally.

Indicate what would happen to-each light bulb if SW3 were ciosed.

e | Ds) a. brighten

T 2. Dps2 © b. dim

3. DS3 ; ¢c. go out

___h. sk d. remain the same

- w wm W m S o B m @ W o B S S e w omp w E ay W oy owm dm M oy SR dm M ok e wm

12. Match the lettered choice in column B to the meter symbols in
column A to indicate what will happen to each meter in this

clrcult if an open occurs at the X. .
A ®— 3
[}
__l. Ml ' Ma e s ol
2 M2 b. ¢4
3. M3 T M2 Ma c. +
3
h, My d. goes to zero

------------------------------------

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 12

. ¢

M B M B o M M M S Sk S S e mm o B Ak mm B A M o Em S mm e b mm A o

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 20. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 12 AGAIN.

. Although an open in a branch will decrease total current, it
will not stop all circuit action. To completely de-energlze
a clreult, the open must occur at an electrically comron point
{polnt through which all circuit curreat must pass).

If SWl were opened what would happen to DS1, DS2, and D33.

ke g

------------------------------------

_(go out)

14, State how many amps the ammeter will read In this circult.
A
- LN Ry Ry
amps - =, oy 09 00 00
el
{0)

88
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15. An open in a parallel circuit witl not necessarily have the same

- effect as it would in @ series circuit. To completely stop all
circuit action in parallel, the open must occur at an electrically
common point, whereas in a circuit, an open anywhere

would de-energlze the entire circuit.

o T m S e S W S e B S S S S e S @ e S e S M8 S B W M M T dm R e e

{series)

16. A short circuit {s an accidental low-resistance p§fh for current
flow. Regardless of the type of circuit, a short will have the
same effect, an increase In tota! current.

What is 1,7
__a. 8 m ]
~_b. 100 ma -, Ry
€. 300 me “T S0v 5009
—d. 2500 ma
{d) 2500 ma

17. As you wlll recall, in a parallel circult is always

than the feast branch resistance. 1f a direct short s placed
across a paralleil clrcuit at any point, the total resistance is
effectively reduced to 0. In the case of a partial short,
RT would be something less than normal. ‘

A B am um E e oum b S e oam B e e Mm e B G e e e M S M M M R e B e M B e

. (smaller, or less)
)

18. Solve for RT. N

\ :
Rt — @ ) ::m' ':goxn é:ﬁn

- o o m e o i B R o ap S e g e M B M S m B e G S S e W M o m a wv om

19 é;ti
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//// 19. If a circult Is shorted, It §il11 pass an abnormally large current.
Hue to the extremely small reslstance of the short (usually con=
sidered 0}, all of the current will flow through the short, snd
none will flow through the load.

Indicate how each value will be affected if SW2 is closed. )

20. Match the letter <hoice in column B to the meter symbols in.
column A to indlicate what will happen to each meter in this
circuit if the short occurs as Indicated.

<
\‘?
l3 °
% 2y
A M, &

- ‘

—— 1 M1 My a +

2. M2 b, =

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWFRS GIVEN AT THE TOP CF THE NEXT PAGE.) -

( | | 51
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- ANSWERS ~ TEST FRAME 20

- W . E E E T M  m m m o s @ om T A T W m om W m m mm om = o

iF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 25. OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN.

21. Recall that a fuse is placed In a circuit to protect agalnst
excessive current. To do this, the fuse must be placed [n
serles with the source.

i At which point could the fuse be placed?
___ a.
B
S e
__d.
_el
. (e] any of the above .
"
,J )
7~
.. ~ 82
' 91
. T
ERIC. o - ‘
N — """=“";""""""""'!!!!!!!!!!’
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22, In a serles clrcult, the fuse can be placed at any point and still
be In serles with the source. To protect a parallel circuit, you
must ensure that the fuse 15 placed at an electrically common point
so that all the clrcuit current passes through it.

Qhere could the fuse be placed to protect the entire circuit?
A -

L

a.
L

moom I

e. E)

Recall that fuses are rated In amps; If the rated value is exceeded,
the filament burhs out, and the circuit is de-energized.

The fuse Is rated at 15 amps. Will this circult remain operative?
_f\_’ £

|

 Ea Ry l"i PR Re

A——
——

= 100V wnTmn 1O 21000

W B B 4 M B S e S R W e e

{b) po

One of the most common reasons for a fuse to blow In a parallel
clrecult Is excessive current caused by adding too meny load

devices. )

s

Addjing additional ioads in parallel causes IT to .
increasé%dgcrease
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25, Check the probable exptanatlons of why the fuse would blow when
SW3 is closed. o

rr—— !A

.]n 100V

The fuse must be defactive.

Current will exceed the fuse rating.

There are too many lo%ds.

SW3 must be defective.

(THIS IUS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 25

b. Current will exceed the fuse rating.

¢. There are too many loads.

----------------------------------

IF ANY OF YOUR ANSWERS ARE [NCORRECT, GO BACK TO FRAME 21 AND TAKE
THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY
STUSY ANY OF THE OTHER RUSOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK -
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. [F NOT, :
STUDY ANY METHOD OF [NSTRUCTION YOU WiSH UNTIL YOU CAN ANSWER ALL THE

QUEST IONS CORRECTLY.
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SUMMARY &
- LESSON 111

Variational Analysis

A quick way to improve your understanding of how circuit quantities
Interact is to use variational analysis. 1in variational analysis, one
value in a circult Is caused to change and the effect of this change on
a]] other circuit quantities- is examined. A table i5 made up listing
all measurable values in a circuit, and arrows are used to show what
changes take place. An arrow pointing upward Indicates Increase {4);
an arrow downward, decrease (+); and a horizontal arrow, no change

{(+). variational analysis usually starts with an assumed change in
either voltage or resistance, the quantities we can physically change
in a circuit.

Here is an example of changing the applied voltage ir
a circuit from 60v to 120v.

%

[ " AEEEY
az I
oV Q R
¢ . 60 Ry § 8600 ) T -
eon Pt
3 ) Y
first, show in the top square the value which has Imy

changed anq whether it Increates or decreases; then
mark in arrows which show how the remaining values
are affected. You necd not work out values nless
you are uncertain of the answer; you should be able IR3
to fill 'n the blanks from your knowledge of Ohm's

Law and circult rules. Epy

Iy
2
—»-b-»-b-i»-b—»*—»

E
R3 ¢+
Rl

RZ
R3

gk

95
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T ' Another change could be the addition of another branch to the circuit;
here is an analysis of such a change:

' Add
R4
‘_ It *
4 . RL v
o Li S .
> d[ ' ! A
( —r : %::R i Igp | %
| : IR3_ —p !
o ey |
v IR
, . o ERZ_ — .
- s ER3 —
- - Rl _{—®
. RZ |~
R3 -

A third change we could meke is to vary one of the reslstance values
In an existing circuit. Suppose that the resistance of R3 in the clr-
cult below is changed from 50 ohms to 200 ohms. For this example,
you fill in the boxes.

1

R3

b
—

o

o

8
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Answer:

-b-‘#“ ‘1— ‘ ‘-ﬂ-ﬁ-bg

AT THIS POINT YOU MY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED [INSTRUCTION OR BOTH. If YOU TAKE
THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTiONS CORRECTLY, GO TO THE
NEXT LESSOM. (F NOT, SELECT ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN
ANSWER ALL THE QUESTIONS CCRRECTLY.
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Overview

OVERVIEW
LESSON IV

Troubleshooting Parallel Circuits

In this lesson, you will study and- learn about the following:

-shorts
-opens
-practical experiments in troubleshooting

Each of the atove topics will be discussed in the order listed. As
you proceed through this lesson, observe and follow directions care-

fully.

BEFORE YOU START TS LESSON, PREVIEW THE LIST 0.7 STUDY RESOURCES
ON THE NEXT PAGE.




Stﬁdy Resources

LIST OF STUDY RESUURCEL
LESSON 1V

Troubleshouting Paralle} Circuits

-

To learn the raterial in this lesson, you have the option of choosing,
accordling to your experience and preferencés, any or all of the following:
STUDY BOOKLET:

Lesson Narrative

Lesson Summary

ENRICHMENT MATE® AL: .
NAVPERS 934D0a-la "Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Personng].
Nashiﬁgton,vD.C.: U.S. Government Printing Office, 1965.

YOU MAY NUW STUDY ANY OR ALL OF THE RESOURCES LiSTED ABCYE. YOU MAY

-

TAKE THE PRDGRESS CHECK AT ANY TIME.

w
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NARRAT IVE
LESSOR 1V ~__ .~ 4

Troubleshootlng Paralle! Clrcuits

bo atl of the fcllowing experinents as you go throdgh this
narrative. .

; Experiment #1 - Voltage -

1. Using Practice Board 0-1 and one dry cell, copstruct
the folla:ring{ clreuit: 1 . T Ty

L}

[ DS, 052

Ts Ty Ts

2. Set up multimeter as voltmeter,

3. Close switch.

4, Measure voltage across the termipals of the source.

E =

5. Measure voitage acros§ the branch with D81, between
T2 and T7. E, =

6. Measure voltage across the branch with 052, between
I3 and T6. E, =

You have observed that the voltage drop across each parallel bra.ch
is, for all practical purposes, equal to the apoiied voitage. {n
a parallel circuit, voltage is common to all branches. '

Experiment #2 - Current

1. Usipng Practice Board 0-1 set up as for experiment .
1, connect multimeter as amrneter in serles wlth

0si.

2. _f_se switch.- l
3. Record current in branch 1. o, o0
k. Open switch. l_‘,
5. Connec: ammeter in series L] T Te
with 0S2. L % h
6. Close switch, l
. I L] Dby +
102 +" %
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7. Record current In branch 2.

¥

8. Open switch.
9. Compute totai current by adding branch curronts.
l. =
10. Now prove your answerTin No. 9 is true by connectling
ammeter between T! and T2 %o read toral current‘i
i1. Close switch. -
12. Record ammater reading.

| 'T-
> *
13. Open switch. ‘

This experiment proves visually to you that the sum of the branch’
currents equals total current. You can also see thls by doing
another experiment. .

LN

L

Experiment #3

T L
L N

1. With Practice Board 0-] set as In eiperjment #2, con-
nect ammeter to measure total current.

2. Close switch.

3. Unscrew buib tn.branch 2. Does bulb in branch t go
out? Does bulb in branch T get dimmer 1
or brighter?

You have seen that an open branch in a parallel circult
doas not affecc another branch. Current through each
branch is determined by the branch resistance and the
appiied volcage.

4. MNow, tighten bulb tn branch 2. Read total current
with both bulbs drawing Zurrent.

| =
5. Lloosen bulb In branch 1 and read total curregt.
- ‘T ﬂ
‘ Total current bas de’creaSed, Becguse one branch current A i

has bgen subtracted from it.
6. Tighten bulb 1, loosen bulb 2 and read toggl current.
L I =

} R ——

7. Open switch. h ¢

Fl
Lt L.

Experiments have shown you that in parallel circuits:

1. Voltage is common.
2. Branch current is determined by branch resistance
and applled voltage.

& 34
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\

3. Total current is equal to the sdﬁ of the Individual
branch currentsy

Troubleshooting

You recalt from our study of series circuits that there are two °
problems that can cause a maifunction In circuits. These are
short circuits and open circults. , - \\\\aff"/

Shorts

- -

When a short occurs ’1 a parallel circuit, it places a direct
short across the pow.er lines -- the wire leading from the 5
source and the wire leading back tr the snurce. - )

The exception to this is when par: of a component is shorted.
Then we have a partial short. .

-
-

Experiment #i

Let's create a direct short! .
1. Using Practice Board 0-1 and one dry cell, construct
the. following clrcuit: " 3 '

P
»

2. Close switch. t

3. Cause a” short across the Iamp In branch I by placing
a wire between terminals T2 and T7.

4. What happens to the ilght In branch 17
To the light in branch 27

5. What path must current be taking?

6. Remove the wire causing the short.

7.. Opeh switch.

You observed that when a shor: was caused ac¢ross branch 1, all
circuit current foliowed the path through the short, We s
that current follows the path of least resistance.

-

When there is no circuit resistance, current will be very high,
because nothing.1s limiting the amount of current flow (except .
Internal source\resistance epd’the resistanCe of the wire)a .

b

—




wdtice there is a short across R2
in thls schematic.
take the path of least reslista.ce =--
all circult current witl go through

Current will

the short. Then, because current will increase ;remendously, it wil}
exceed the fuse rating. The fuse wil] blow, and current will stop.

If there were no fuse, thbe wires would become overieatew and catch
fire, thus a short could cause an open.

®

Branch Opens

[f the conductor opened at point
. X, then Rl and R3 could resume
normal operatlon, with branch
resistance controliing branch
current.

If, however, the wire overheated
nsI Ry and opened at point Z, all current
In the network would stop.
is a main-line open which we will
discuss shortly.

Branch one in the following parallel network has 2 burned out
resistor. This causes one branch of the network to be open.'

ou 20

This open does not affect

60V R, Ry Ry branch 2 or 3.

T 00 0 0 Q ever, cause total current to
]- _&u . decrease to 4a, because there

is no current through RL.

Total resistance was 10R, but with Rl out of the picture, total

resistance increases to 15Q.
e ———

If an open occurred as shown in the schematic above:

IT would

{increase/decrcase)

RT would .
{increase/decrease)
PT would

{increase/decrease)

IT would decrease; RT would increase; PT would decrease.

36
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Recalling all you have learned about shorts and opens in

parallel networks, practice these problems, then check

your answers against the correct answers. Be sure to .

study the schematics carefully.

I. which branch or branches will be knocked out of the
circuit by the probiem observable in the schematic?

(a):

{b)

2. Compare these quantities to a normal circuit condition.
Will they increase, decrease, or remaln the same?

‘v

RT

Check answers on next page.
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ANSWERS :

1.

2.

Six-iv

(a) R2
{b) R1, R2 and R3

Ro doubt you caught the open (R_l_) in the circuit and you
also noticed that the third leg of the network has a
shorted resistor In it. Therefore, It Is a direct short.
All current will flow through the short, bypass!ng the
other two branches. Therefore:

!T increase

RT decrease

Ea_ same

=

When current exceeds fuse rating -- fuse will blow and
then everything will stop.

Experiment #5

Locating Shorts Nlth a Meter

2
3.

Constiruct a paratlel circuit on Practice Board ¢~1
according to the schematic.

Leave switch open. - i 2B
Connect a wire across DS2
between T3 and T6.

PR E r’ 1‘

This creates a short in branch 2 of the network.
Assuming we dv not know where the short Is, let's
hunt for 1t. We will do this by systematically
checking each branch of the circuit.

Take a visual check looking for signs of overheating,
such as charred parts or smoke damage. If the visual
check does not locate the problem, then get up the
ohmme ter,

Because a parallel circult has more than one Path for
current flow, it is difficult to locate a shert ynless

9§
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we check each branch systematically. Operating a cir-
cuit with a short in it may cause considerable damage

to good components, so most troubleshooting should be
done with an ohmmeter. Let's begin by making sure the
clrcuit has no voltage across the branches, then connect-
ing the chmmeter acioss the loads. For this circuit,
clip the test leads to points TZ and T7.

* What is the ohmmeter reading?

(00}

. - Place probes across T2 and T7. You measure 0 but

you know that there should be some resistance in t':
bulb. ’
Disconnect the wire from 9S1 to T2.

Heasure across T2 and T7 again. You still get a 0
rzading iIndicating the circuit still is shorted; there-
fore, the trouble does not occur in this branch.
Reconnect DS1, disconnect DS2 and the wire shorting it.
Measure across 95|. The meter reads some resistance,
indicating that the short has been isolated. You have
located the short as being in branch 2.

Now the problem can be corrected and the circuit re-
stored to normal,

o~

AT THiS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL
AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR CLASSROOM SUPERVISOR.

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOU
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU WISH
UNT§L YOU HAVE ANSWERED ALL THE FROGRESS CHECK QUESTIONS CORRECTLY.
THEN SEE YOUR CLASSROOM SUPERVISOR AND ASK TO TAKE THE MODULE TEST.

SN
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SUMMARY
LESSON IV |

Troublesﬁooting Parallel Cl?cuits

Short clrcuits and open clrcults are tze sources of trouble in
parallel clrcuits just as they were in serles circuits. A direct
short In a parallel circuit will bypass the current around all

the branches, for current always foiiows the path of.least resis-
tance. The direct short will cause very high current flow which
will cause the internal reslstance of the source to drop all of the
source voltage. |[f the clrcuit is not protected.by fuses, the
source or wiring will soon be damaged.

Short circuits in parallel clrcuits are usually located with an
ohmmeter, if fire and_smoke do not show the source of the trouble
first. The procedure used Is to connect the ghmmeter across the
de-energlzed clrcult, then disconnect the branches, one at a tlme,
until the short {U) reading disappears. The defect In that

branch can then be corrected and the circult restored to operatlion.

Open clrcults may affect all or any part of a parallel circult;

that is, one branch may open or the entire circult may be opened.

In the diagram below, the open in branch 1 affects only three

factors in the circuit, },, 1., and Rr. If the open occurs at the
point marked X, however, ]T dIops to 6 and the entire clrcuit !s dead.

* .

60V & R2 T4 Ry
i 300 ;:soﬂ %”“
) It

Open clrcuits may be found using an ohmmeter and disconnecting
branches again -~ this tlme you must watch for a branch which does
not cause a change In the resistance -reading.

The narrative for this lesson contains a variety of experiments
which you should perform If you have not previously worked wlth
clrcults.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE. [F YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF
NOT, STUDY ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.

1uo
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